A geo-spatial study was conducted to estimate the runoff by Soil Conservation Services -Curve Number (SCS -CN) method, in Nagapattinam Taluk (areal extent of 303.96 km 2 ), Tamil Nadu, India. In this study, the spatial data of land use (2007) was derived from satellite images. A hydrological soil group thematic map was also prepared using ArcGIS 9.3. The thematic maps were overlaid with each other and assigned the SCS-CN values, and the runoff potential map was prepared on the basis of curve number classes. The highest, moderate and low runoff potential zones (2007) ) and farm ponds (20 Nos.), respectively, were found. The geospatial identified structures were validated through existing structures in the study area with their GPS coordinates, and it was found that some of the structure locations were exactly in line.
INTRODUCTION
Among all kinds of natural hazards in the world, floods are the most devastating, wide spread and frequent. Since flood consequences and damages are heavy, it is necessary to plan land resources and hazards assessment, in order to reduce the impact of these natural processes. The major causative factors of flood and drought are the land use/ land cover changes (Rogers, 1994) . Floods caused by excessive rainfall result in high river discharge, damage for crops, infrastructures, economic activities and sometimes in a catastrophic loss of human lives. Surface runoff is a vital hydrologic parameter used commonly in water resource studies. The rainfall-runoff progression is a non-linear, dynamic and complex process, which is affected by many physical and often interrelated factors. Consistent predictions of magnitude and rate of runoff from land surface into streams and rivers are very tricky and time overwhelming. Different scientists have developed a variety of methods to estimate the human manipulation on changes in surface runoff (particularly storm runoff) and their resultant effects on downstream activities.
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The vast development of urbanization would have the major hydrological impact of peak rate of runoff, controlling rates of erosion and delivering pollutants to rivers (Goudie, 1990) . Because of severe soil erosion and water paucity in many areas, conservation of natural resources is a vital issue. In urban areas, the rainfall-runoff processes are directly shown in classical hydrological cycles and are quite different from their natural conditions. The outcome of urbanization, even if it varies, affects the dimension of the flood. The measurement of fairly larger floods with increased recurrence interval decreases the effect of urbanization (Hollis, 1975) . The dissimilar stages of urban development like the activities of removal of trees and vegetation, construction of houses, pavement of streets, culverts,… etc., would have the impact of reducing evapo-transpiration, interception, infiltration, groundwater table and increased stream sedimentation (Kibler, 1982) .
The runoff estimation from conventional methods is difficult, error prone, costly and time consuming due to urban zones and unreachable areas. Moreover, the majority of the catchment basins do not have an adequate number of rain gauges to record rainfall and runoff (Nassaji and Mahdavi, 2005) . Due to unavailability and insufficiency of reliable rainfall runoff data, there is a serious problem which researchers and planners face in the study of hydrology of watersheds. Thus, novel tools, like remote sensing and GIS, were used to develop land based data for water harvesting in watershed planning and adopting soil conservation measures. The extensive application of integrated remote sensing and GIS is the most powerful and efficient tool for hydrological studies (Yeh and Li, 1996; Yeh and Li, 1997; Harris and Ventura, 1995) .
The role of remote sensing and GIS in runoff computation is usually to supply a resource of key data. The Soil Conservation Service-Curve Number (SCS-CN) method, which was initially developed by the Department of Agriculture, USA is extensively used for estimating straight runoff volume for a known rainfall event. Akhondi (2001) observed that dissimilarity between observed and estimated discharge using SCS-CN method is decreased by increasing the watershed area. The present study focuses on the use of remote sensing and GIS techniques to build up a database pertaining to all the information of the watershed area for straight runoff depth computation using the SCS-CN method.
NEED AND SCOPE
The recent study shows that the Nagapattinam region receives an annual rainfall of 1282.9 mm (March 2013 statistics), and the region-being a flat plain, sloping very gently to the sea on the east-is thereby prone to heavy floods. The estimation of runoff volume can serve as an informative tool and help in land use planning, drainage systems, flood control, locating suitable water storage structures and for warning purposes.
STUDY AREA
The Nagapattinam Taluk is chosen as the site for this study, since it is one of the most flood prone areas in Tamil . The study region is bounded by the river Uppanar in the south, Bay of Bengal in the east, Puducherry in the north and Thiruvarur district in the west. The city receives an average annual rainfall of 1400 mm and has a humid climate throughout the months of March to May. High humidity is available over the entire year, and during August to May it reaches 70%, due to proximity to the sea. One of the tributaries from Cauvery river; namely Vettar, is amongst the major water bodies in and around the study area. The study area is also one of the cyclone prone zones, which get affected with the full impact of the monsoon.
METHODOLOGY
The study was conducted in two phases. In the first phase, the runoff potential map was delineated in the study area. In the second phase, the runoff volume was estimated using SCS-CN techniques through GIS software. Finally, the study was concluded with identifying suitable locations of different types of water harvesting structures in the study region. The detailed methodology for the study is explained below.
DATA COLLECTION

Spatial Data Collection
The spatial data of land use/ land cover (Linear Image Self Scanner (LISS)-2007), the soil hydrological map and the Village map of the study area were obtained from Institute of Remote Sensing (IRS), Anna University, Chennai, Tamil Nadu, India.
Non-Spatial Data Collection
The SCS-Curve Numbers for different soil hydrological groups were obtained from SCS-CN table developed by the United States Department of Agriculture, Natural Resources Conservation Service (USDA, NRCS). The daily rainfall data of the study area for the year 2007 were collected from the Indian Meteorological Department, Chennai, Tamil Nadu, India.
PREPARATION OF THE THEMATIC MAP
The collected land use and soil taxonomy maps were converted into thematic layers using digitization tools with ArcGIS software. Adding attributes like soil profile, soil hydrological groups, soil taxonomical groups, land use types' respective polygons were generated on the maps and overlain with each other using intercepted overlay tool. The CN values were assigned in the overlain attributes with respect to land use and soil hydrological group.
SOIL CONSERVATION SERVICE CURVE NUMBER (SCS-CN)
The Soil Conservation Service-Curve Number (also called runoff curve number) is an empirical parameter used for predicting the runoff or infiltration from rainfall excess. The Curve Number method was developed by US Department of Agriculture, Natural Resource Conservation Service. Many researchers (Gandini and Usunoff, 2004; Zhan and Huang, 2004; Nayak and Jaiswal, 2003; Pandey and Sahu, 2002) have effectively utilized the Geographic Information System (GIS) to compute runoff through curve number value. In India, Pandy and Sahu (2002) observed that land use is a significant input constraint of the SCS-CN method. Nayak and Jaiswal (2003) established that there was a good correlation between the observed and anticipated runoff depth using GIS and NRCS-CN method, and continued that GIS is a well-organized tool for the grounding of most of the input data necessary for the SCS-CN method. Sadeghi (2008 found a correlation coefficient of 57% between the measured runoff in humid Amameh watershed and the estimated runoff by SCS-CN method. In China, Xianzhao and Jiazhu (2008) observed that the simulated runoff with CN method was in good affinity with observed runoff, and the replication precision was over 75%.
The runoff was estimated from GIS output results of land use and soil hydrological group using SCS curve number method. The hydrologic relation between rainfall (P), soil-site storage (S) and direct runoff (Q) is given by:
where, Q = Runoff (mm); P= Rainfall (mm); a I = 0.3 S (Kishan Singh Rawat et al., 2012; Tejram Nayak et al., 2012) .
Total Runoff Volume = Runoff (Q) x Area.
LAND USE MAP
The land use map of 2007 was prepared from Indian Remote Sensing (IRS) LISS IV image. The map is converted into a thematic map and delineated the land uses of aquaculture, built-up land, coastal sand, crop land, fallow land, plantation, roadway, water bodies and wetland.
SOIL HYDROLOGICAL GROUP
The collected soil taxonomy map was converted into a soil profile map and was subsequently converted into the soil hydrological group (Sehgal, 2002) . The conversion of soil taxonomy to soil profile and to soil hydrological group is given in Table 1 . 
OVERLAYING OF LAYERS AND ASSIGNING OF CURVE NUMBERS
The thematic layers of soil hydrological group and land use were overlain with each other to obtain land use wise soil hydrological group map. The overlain map attributes from soil type with a specific land use were assigned by SCS-CN value (V.T. Chow, 2010; Nagarajan and Poongothai, 2012; Nagarajan et al., 2013) with reference to the soil group and land use. The values of CN for different conditions were taken from SCS-CN standard table.
RUNOFF POTENTIAL MAP PREPARATION
The overlain map attributes were assigned CN values of each specific land use polygon with soil group. Based on the given curve number values, the overlain maps were regenerated into CN thematic maps. The assigned curve numbers were reclassified into a maximum of 3 distributions viz., low runoff potential zone where CN values are within low ranges, moderate potential zones and high runoff potential zones where CN values are maximum.
RUNOFF ESTIMATION
In this study area region, 2 rain gauge stations were identified viz., Nagapattinam Collector Office (10.4799478N, 79.487394E), Krishi Vigayan Kendra (KVK)-Agricultural Research Station, Sikkal, Nagapattinam (10.4460N, 79.4290E), respectively. The average amounts of rainfall were found from the above two stations and used in the runoff calculation. The runoff was estimated during the year 2007 (available spatial data) with their respective rainfall received in the study area. The cumulative annual rainfall of the respective years is found to be 1857 mm. The detailed procedure of runoff estimation using SCS-CN method is given below.
Determination of Antecedent Moisture Content (AMC)
Antecedent moisture is a preceding wetness condition that describes the comparative wetness or aridness of a watershed, which changes incessantly and can have a very important effect on the flow responses in these systems during wet weather. AMC is high when there has been a lot of recent rainfall and the ground is moist. Antecedent moisture conditions will be low when there has been little rainfall and the ground becomes dry. The antecedent moisture content is obtained by adding the preceding 5-day rainfall from the daily rainfall data obtained which is presented in Table 2 . 
Figure (1): Runoff estimation-sample screen shot -I Determination of Potential Maximum Retention (S)
The potential maximum retention of the soil is determined from (Eq. 2). 'S' is classified into S1 (AMC I), S2 (AMC II) and S3 (AMC III) depending upon the AMC conditions specified in Table 2 .
DETERMINATION OF DIRECT RUNOFF VOLUME
From the antecedent moisture content values obtained for each day, the S value is chosen. The chosen 'S' value is used in (Eq. 1) and the volume of actual runoff is calculated for each day. The cumulative runoff volume is also calculated on monthly, seasonal and annual bases as shown in Figs. 1 and 2 . The entire estimation was carried out through ArcGIS attributes which are derived from overlain map of soil and hydrological group. 
LOCATION OF SUITABLE WATER HARVESTING STRUCTURES
From the knowledge of the obtained runoff volume, to collect and store it effectively, the suitable water harvesting structures at appropriate locations shall be suggested. For this purpose, a spatial intersected overlay of the land use, soil and slope maps is performed. The slope map is derived from Digital Elevation Model obtained online from SRTM data. The regions for suitable location for water harvesting structures are chosen based on the following conditions (Singh et al., 2009 ): 1) Check Dams  Slope must be less than 15%.  Land use must be barren, shrub land and riverbed.  Infiltration rate of the soil must be low.  Soil texture must be sandy clay loam.
2) Farm Ponds  Slope should be less than 10%.
 Land use must be either barren land or shrub land.  Infiltration rate of the soil must be moderate.  Soil texture must be silt loam.
3) Nalla Bunds and Percolation Tanks  Slope should be less than 10%.  Land use may be shrub or barren land.  Infiltration rate of the soil should be moderately high.  Soil texture must be silt loam.
RESULTS AND DISCUSSION
LAND USE MAP
The land use maps of 2007 were converted into thematic maps (as shown in Fig. 3 ) and the land use area was delineated into: aquaculture, built up land, coastal sand, crop land, fallow land, plantation, roadway, water bodies and wet land. The major area is covered by cropland and the least area was covered by coastal sand and the areas of the respective land use are presented in Table 3 . 
SOIL TAXONOMY AND HYDROLOGICAL GROUP MAP
The soil hydrological group was derived from soil taxonomy and soil profile based on Sehgal (2002) and Sarkar (2003) as shown in Fig. 4 and Table 4 . There are three soil groups identified in the study area; namely B, C and D. Out of the three groups, the D group, which indicates highest runoff potential and least infiltration rate, is the predominant soil group in the study area as depicted in Fig. 5 .
PREPERATION OF RUNOFF POTENTIAL ZONATION MAPS
The overlain map attributes were assigned by SCS-CN values with respect to land use and soil group. The curve numbers for each soil type with a specific land use is obtained from TR55 of USDA. The curve number values were assigned to the respective attributes derived from the overlain maps and CN map for the year 2007 is shown in Fig. 6 . The assigned curve numbers were reclassified into a maximum of 3 distributions. The first classified zones are called low runoff potential zones where CN values start from 58 to 74, followed by II classified zones called moderate potential zones where CN values start from 74 to 86 and III classified zones with highest runoff potential where CN values range from 86 to 100. The classified CN values with respect to the runoff potential zones are presented in Fig. 7 and the distribution of areas over different zones is given in Table 5 . (Fig. 8) . 
IDENTIFICATION OF SUITABLE LOCATIONS OF WATER HARVESTING STRUCTURES
In order to reduce the high runoff which creates flood, it is essential to identify the suitable rainwater harvesting structures with appropriate locations. In this regard, the slope maps were prepared and overlain with soil and land use maps.
DEM and Slope (%)
The SRTM DEM (90 m) was downloaded from Consultative Group on International Agricultural Research (CGIAR) website and the study area was delineated using Area Of Interest (AOI) tool from Earth Resources Data Analysis System (ERDAS) Imagine software. From the Shuttle Radar Topography Mission (SRTM) topography data, the contour map was obtained, and applied interpolations of DEM (Fig.  9) for the study area were prepared. The study area falls on elevations from 5 m to 30 m. From DEM, the slope percentage map was obtained. 
Site Selection
The suitable site selection maps were obtained using overlaying of the soil hydrological group, land use and slope maps and through intercepted overlay analysis tool using ArcGIS software. The screen shot (Fig. 10) shows the selection of suitable polygons (zones) for the location of water harvesting structures, using ArcGIS software. The factors which are responsible for suitable rainwater harvesting structures like check dams, percolation ponds and nalla bunds, are presented. Based on the above factors, different rainwater harvesting structures in the appropriate locations were obtained through spatially and nonspatially overlain data. From this study, 84 Nos. of check dams, 76 Nos. of percolation ponds and nalla bunds and 20 Nos. of farm ponds were identified with their appropriate locations in the study area as shown in Fig. 11 .
Village-wise Location of Rainwater Harvesting Structures
The village boundary-wise maps were overlain with water harvesting structures location map and the locations of harvesting structures in different villages were depicted as shown in Fig. 12 . From this figure, it is found that most of the villages, particularly the boundary villages which are coinciding with drainage lines (2 and 3 orders), are found among the proper locations of water harvesting structures.
Figure (12): Water harvesting structures in various villages
Validation of Identified Water Harvesting Structures
The identified water harvesting structures were compared with some of the existing water harvesting structures available in the study area, which were identified with their GPS location (X, Y) values. The randomly collected GPS values were directly incorporated in the water harvesting location map. The structures like check dams and farm ponds are typically harmonized with identified water harvesting structures in the location map. The collected GPS data with specified structures are given in Table 6 . 
CONCLUSIONS
From the runoff potential zonation map and runoff volume map, the runoff in the Nagapattinam Taluk was found to be moderate to low. The predominant land use pattern is agricultural and fallow land. This runoff, if not properly disposed of into water bodies, could lead to disasters such as floods. Also, land being converted into settlements increases the risk of human casualties. The study area, being mainly used for agricultural purposes, is vulnerable to crop damage by such floods. This necessitates the construction of flood mitigating and water harvesting structures.
From this study, it is clear that percolation tanks and nalla bunds can be erected in some of the villages like Thiruchengathangudi, Tirukannapuram, Enangudi and Thittacheri. Farm ponds can be installed in Therkupoigainallur and Nagapattinam town, and check dams can be constructed in Sellur, Agaraorathur, Vazhkkudi and Nagapattinam town in and around the study area. This study has proven the effectiveness of GIS and RS techniques with minimum accessible hydrological data. The study can further be used for:  Identification of ground water potential zones to increase the recharge.  Identifying zones prone to soil erosion.  Town planning.  Predicting runoff depth and runoff volume for future years.  Estimating the capacity of existing water harvesting structures, as well as proposed structures.
